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ABSTRACT: Online environments can cultivate what have been referred to as 21st century skills
and capabilities, as youth contribute, pursue, share, and interact around work and ideas. Such
environments also hold great potential for addressingdigital divi des related to the development
of such skills by connecting youth in areas with fewer resources and opportunities to social and
material supports for learning. However, even with increasing attention to the importance of
21st century skills, there is still relatively little known about how to measure these sorts of
competencies effectively. In this paper, we offer an exploratory approach for interpreting
student user trace log data to reveal opportunities for creative production, self-directed learning,
and social learning online. Our approach engages social learning analytics to code actions
according to relationships between users and engages in self-report and ethnographic methods
to supplement initial results. We share our methods; provide rich description of the unique
learning environment; present results of logged opportunities for creative production, self-
directed learning, and social learning across the sixth grade cohort; and explore these results
through the lens of individual learners, including cohort self-reports of identity, interest, and
perceptions, and qualitativecasestudies of two students.

Keywords: Social learning analytics, K-12 learning environments, middle school, creative
production, self-directed learning, learning communities

1 INTRODUCTION

Online environmentsfor K—12 learning are escalatingin both their design and theiradoptioninto formal
and informal education spaces (Bell et al., 2009; Allen & Seaman, 2008). At the same time, there is
increasing attention, reflected in national policy reports and standards for K-12 learning, on the
development of skills and dispositions necessary for productive participationinthe 21stcentury. Exact
definitionsvary, butthere is general agreement about the importance of interpersonal capabilities, such
as communication and collaboration, and individual capacities, such as creativity and persistence (e.g.,
Partnership for 21st Century Skills, 2011; Pellegrino & Hilton, 2012). There is evidence to suggest that
online environments can cultivate these sorts of skills and capabilities, as youth contribute, pursue,
share, and interactaround work and ideas (e.g., Jenkins, Purushotma, Weigel, Clinton, & Robison, 2009;
Ito etal., 2009). Online networked environments also hold great potential foraddressing digital divides
related to the development of such skills by connecting youth in areas with fewer resources and
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opportunities to social and material supports for learning (Aspen Institute, 2014; US Department of
Education, 2010).

Despite this situation that seems poised forimpact, we still have much tolearn about what works in K-
12 online learning in terms of design features, content, and pedagogy, how to provide evidence of
outcomes, oreven what those outcomes are (Means, Bakia, & Murphy, 2014). What we doknow is that
many online instantiations used in educational settings mirror traditional learning environments and
practices, where a teacher provides assignments and students submit work and are graded on
completed work and time on task (McGloughlin & Lee, 2010; Bacow, Bowen, Guthrie, Lack, & Long,
2012). We also know that development of those abilities articulated as necessary for productive
citizenshipinthe 21st century demand more than traditional instructional approaches (Barron, Gomez,
Pinkard, & Martin, 2014; Bell et al., 2009), and that evidence of these types of nuanced capacities are
difficultto measure.

As such, there isa growing recognition that we need avariety of methods to conceptualize and measure
successand learningin online platforms, and that it might look different for different communities and
contexts, even those using the same technical system (e.g., Breslow et al., 2013; Means, Bakia, &
Murphy, 2014). Inthis paper, we share one approach for usinglearning analytics tolook at evidence of
21st century learning activities exhibited by young learners as they engage in K=12 online environments.
Specificresearch questions driving our work are these:

How can we identify evidence of potential opportunities for 21st century learningactivities in
log data of usertraces?

How can we better understand 21st century online learning activity patterns in different
communities of learners with theirown practices and intentions of use?

To answerthese questions, we share research from one teacherand his sixth-grade students (11and 12
yearsold) as they used iRemix, an online social learning network designed to engage youthin creating,
sharing, andinteractingaround multimedia artefacts. We engagedinlearninganalyticsasa way to use
log data sets to examine activities on the system over time at the level of individual students and a
community of learners. Learning analytics is defined as collecting, analyzing, and reporting data about
learneractions andinteractions within their specific context, with the intention of better understanding
and optimizing learning environments (Siemens & Long, 2011; Siemens, 2012). A sub-strand of this
emergingandincreasingly importantanalysis and design space is social learning analytics, which focuses
on interactions between users to highlight potential social learning processes asanimportant addition
to more traditional measures of learning activities, such as time-on-task or completion rates
(Buckingham Shum & Ferguson, 2012). This greater attention to sociocultural dimensions of the
individualusersinthe systemandthe learning processes between them has the potentialtoadd to the
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“pedagogical and ethical integrity” of the analysis of user log data (Buckingham Shum & Ferguson,
2012).

In this paper, we start with theoretical and design background to position our work, including definitions
of 21st century learning, related research looking at opportunities for 21st century learning in K-12
blended learning environments, and the learning and design framework underlying the iRemix platform.
We then detail our multiple exploratory methods used to answer the primary research questions.
Results are laid outin three parts addressing focal questions through different levels of analysis. First,
we share a rich qualitative case of the face-to-face learning environment, including the school, the
teacher, and the classroom over the course of the year. Second, grounded in the qualitative context,
results of studentlog dataanalysis are presented and triangulated with self-report survey datato look at
patterns within one uniqgue community of learners. Third, we return to qualitative datatolook deeply at
two studentlearners within the community who exhibited different levels of activityon the syste m to
betterunderstand log patterns. We close with adiscussion of results, and plans for future work.

This paper contributes to existing research in K-12 blended learning environments, and shares an
exploratory approach for understanding activity in online learning platforms in ways that go beyond
traditional metrics of success. We believethat, although in an early stage, this work has implications for
researchers, designers, and educators who strive to support youth from different communities to
participate onlinein becoming 21st century learners.

2 BACKGROUND
2.1 Defining 21st Century Learning

There is widespread acknowledgement both that the rise of computing is resulting in an increase in
workforce demand across occupational fields forthose who can e ngage in complex human thinking and
communication, and that our present system of education is not prepared to teach or evaluate these
more abstract abilities (Levy & Murnane, 2004). At the same time, there is less demand for those who
perform more procedural content and tool-specific tasks that can be automated. As a result,
stakeholders in education and workforce development, including policy-makers (e.g., Pellegrino &
Hilton, 2012; NGSS Lead States, 2013; National Governors Association, 2010) and industry heavyweights
(e.g., Partnership for 21st Century Skills, 2011) are workingto define, assess, and support development
of aspects of 21st century learning.

Althoughthere is noone definition oragreed-upon taxonomy of 21st century skillsand discussions of
21st century learning attend to various components of what this means (i.e., dispositions, skills,
orientations, and competencies), there is usually attention to both individual and interpersonal
dimensions. The Partnership for 21st Century Skills argues that successis dependentonfourbroad and
transferable skills: critical thinking, communication, collaboration, and creativity (2011). The Assessment

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND 3.0) 39



JOURNAL OF LEARNING/ANAEYTICSII o 08 SELAR

(2016). Revealing opportunities for 21% century learning: An approachto interpreting usertrace log data. Journal of Leaming Analytics, 3(2),
37-87. http:// dx.doi.org/10.18608/jla.2016.32.4

and Teaching of 21st Century Skills project, comprised of international education officials and
representatives from leading technology companies, include four strands: 1) ways of thinking (creativity,
critical thinking, learning to learn), 2) ways of working (communication, collaboration), 3) tools for
working (informational and technical literacy), and 4) living in the world (citizenship, life and career,
personal and social responsibility) (Griffin, McGaw, & Care, 2012). A National Research Council report
(Pellegrino & Hilton, 2012) organizes 21st century skills into three strands of competencies, compri sing
cognitive (including problem solving and creative ability), intrapersonal (including self-management,
intellectual openness, and work ethic), and interpersonal (including sharing knowledge and working with
others).

While these efforts have resulted in some inroads to changing standards (e.g., cross-cutting science
practicesinthe Next Generation Science Standards (NGSS Lead States, 2013), longstanding systems are
difficult to change. We are interested in the potential for K-12 online environments to supplement
traditional instruction in order to support the development of 21st century learning. Jenkins and
colleagues’ (2009) outline of necessities for engagement in informal online participatory cultures, for
example, reflects aspects of definitions of 21st century learning outlined above, including willingness to
engage in collaborative work, knowledge of how to manage information, self-direction of one’s own
learning, and building of collective intelligence.

2.2 Opportunities for 21st Century Learning in Online Environments

Online education opportunities are increasingly presentin the classroom, often positioned as a potential
solution to challenges facing contemporary formal education, such as limited space, prohibitive costs,
and issues related to accessibility and equity. A 2009 report estimated that 75% of public schools had
one or more students enrolledinafully online or blended course, and 66% estimated thattheir online
offerings would grow (Allen & Seaman, 2008). In 2014, an estimated $21 billion of the funds spentin K-
12 schools were earmarked for technology and 63% of US districts reported contracting withvendors of
online courses (Burch & Good, 2014).

Less is known about the impacts these opportunities have on young learners. As schools continue to
adopt online learning practices and technologies, there is an ongoing effort to define and classify the
variety of ways that Internet-enabled collaboration, communication, creativity, and accessible
information are changing the state of education (ACCI NSF, 2011). Areport issued by the US Department
of Education found a dearth of rigorous, published research studies on the effectiveness of online
learning environments for K-12 education (Means, Bakia, & Murphy, 2014). That reportincludes ameta-
analysis of 51 empirical studies of online learning that showed that students in online learning
conditions performed better than those receiving face-to-face instruction, but caution was advocatedin
interpreting results because of the extreme variability between platforms, ages, context, time, and
perhaps mostimportantly, definitions of learning.
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Thereis growing consensus that online and blended learningimplementations require new strategies,
policies, and toolsto be successful, and new ways to measure success. The National Science Foundation
Advisory Committee for Cyberinfrastructure calls out the need for a “revolutionary” approach to
paradigmatic shifts and systemic structural reform as well as more immediate changes to technology -
based curriculum to meet current workforce standards (ACCI NSF, 2011). Researchers argue that
educators must find ways to utilize technology as more than just a way to deliver curriculum, engaging it
for critical, creative, and social purposes that leverage capabilities (Buckingham, 2007). We see an
opportunity to reframe and supplement how we look for evidence of learning and success in formal
environments by attending to skills and practices that have beenidentified as cutting across different
content areas and grade levels, those defined as part of the corpus of 21st century learning, and by
buildingon whatwe know aboutlearningininformal onlinespaces.

2.3 Evidence of 21st Century Learning in Online Social Networks

Though the specificfeatures of social network sites vary, they have been defined as web-based services
that allow individuals to construct a publicor semi-public profile withinabounded system, articulate a
list of other users with whom they share a connection, and view their list of connections and those
made by othersinthe system (Boyd & Ellison, 2007).

Existing studies of learning and developmental affordances of common social network sites without a
particular topic or focus beyond connecting to others, such as Facebook and MySpace, suggest
relationships between usage and some cognitiveskills, such as developing technological fluency (Ahn,
2013) anddigital literacies (Greenhow & Robelia, 2009a), and intrapersonal and interpersonal capacities,
such as tryingout new socially responsibleidentities (Greenhow & Robelia, 2009b), and communicating
with otherstudents around academics (Salaway, Caruso, & Nelson, 2008; Selwyn, 2009).

Online communities can also be more focused, comprised of ablend of expertand novice participants
who come togetheraround acommon interestor pursuit, such as those formed around massive multi-
playeronline games, onlineforum health and support communities, and how-to maker groups. Notions
of learning in online networked spaces build on the work of Lave and Wenger (1991), who defined a
community of practice as a group of people withacommon profession or craft, where learning occurs as
a social process as knowledge is co-constructed by members sharinginformation and experiences. For
youth, examples include the Scratch online community, an online introductory programming
environment where kids can create, share, and remix projects, and Project Noah, an online citizen
science site with classroom components allowing youth to upload species observations as photographs
and GIS information and share results and get feedback. Often, these platforms incorporate social
network featuresto supportthese peer-to-peerinteractions. The alsoinclude membership and some
formal policies around usage.
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Studies have identified youth using online communities in ways that connect with 21st centurylearning
as they share their ideas and work with a community, learn from others, find learning resources,
establish partnerships, and make choices about theirfuture. An ethnographicstudy of young people’s
use of digital mediafound that through participationin online communities orspecial interest groups,
young people were learning new skills, assuming public roles as digital artists and producers, editors,
and directors, developing important learning relationships, and making sense of complex ideas (lto et
al., 2009). In anotherstudy, case studies of girls highly engaged in onlinecommunities revealed both the
development of technological literacy and new identities such as global citizenship (Guzzetti, 2006). A
study of participantsin online gaming communities found individuals developing high-level collaboration
skills, and taking new knowledge learned within the gaming community back into their real -world
employment (Walter, 2010). Research of Flickr participants, an online photographysharing site, showed
individuals learning from each other and creating new meanings together for their collective
photography practices and the normed behaviour practices on the site (Robbie & Zeeng, 2008).

In the following section, we share the iRemix platform design, which was developed intentionally to
capitalize onthe engagement of youth ininformal social learning networks and online communities.

3 PLATFORM DESIGN: IREMIX

Since 2004, the Digital Youth Network (DYN) has developed formal and informal learning opportunities
and environments for urban youth, focusing on the development of traditional and digital media
literacies, and arelated community of practice (Martin & Pinkard, forthcoming; Barron, Gomez, Pinkard
& Martin, 2014). DYN programs and platforms are offered in formal school classroom instruction and
informal community spaces, such as afterschool and libraries. Building on a learning ecologies
framework that envisions learning as an ongoing process (Barron, 2004; 2006), DYN utilizestechnology
infrastructures to engage youth in productive learning experiences across physical spaces of home,
school, and community.

iRemix (see Figure 1) isa DYN-developed closed social network designed for middle- and high-school-
aged youth (eleven-to-eighteen year olds) used across the city of Chicago in formal and informal
environments. The site was designed tofosterthe development of youth media projectsandto connect
a community of learners, including students and educators, around these creative artefacts. Although
iRemix can be usedin different ways, with different content focus, in different sorts of environments,
the overarching learning goal for the platform mirrors that of the DYN program, to support the
development of digital media citizens through production, reflection, critique, and communication
(Barron, Gomez, Pinkard, & Martin, 2014). The purpose of the iRemix site aligns with research
suggesting that the future of media and information is in the hands of youth who have the power to
create and share their own perspectives (Gauntlett, 2012).
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Figure 1: Amaya’s home page of the iRemixsite.

The iRemix platform provides a classroom, school, or program the ability to customize a closed social
learning network instance and to control who can access it. Each instance has its own URL, logo and
colourscheme, and learning activities. We defineiRemix as an online social learning network, a Web -
based environment that uses features of social network sites and learning management systems to
support and develop anonlinelearningcommunity and the individual participants withinit(see Figure
2). Within the environment, the individual learner interacts with the system and the embedded
resources within that system (youth—system interactions) and also with other learners on the system
(youth—adult educator interactions and youth—peer interactions). In this section, we look at how
features of learning management systems (integrating more formal learning approaches) and social
networks (integrating informal learning approaches) wereintentionally usediniRemixto support DYN
programmatic goals, including development of technological literacy through creative production,
community participation through communication and critique, and self-directed learning through
utilizing networked resources and monitoring progress.
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Figure 2: Annotated representation of the multidirectional learning supports in iRemix.

3.1 Using Learning Management Features to Support Project-Based Instruction

Learning management systems (or course management systems) refer to computer-based systems
designed to assist instructors and learners in the management and administration of course
dissemination and participation, particularly distributing course content and tracking student
performance (Ullman & Rabinowitz, 2004). Teachers can organize their lessons, upload and distribute
content, facilitate student collaboration through forums or wikis, connect with otherteachers, parents,
and administrators, conduct assessments, and track and analyze classroom reporting such as grades,
attendance, homework, etc. Examplesin K=12 include adaptable open-source packagessuchas Google
Classroom, EdModo, and Moodle and proprietary systems such as Blackboard Learn and Pearson
SuccessNet. Through learning management systems, educators contribute the content that their
students will engage with and can structure how and when that will happen, usually within a bounded
time period, such as a course or an academicyear.

iRemix purposefully incorporates features of learning management to support project-based learning
through artefact-driven curricula. DYN’s focus on project-based learning builds on the idea that youth
should be creators, not simply consumers of technology, and the site is structured around the
submission of digital artefacts in multimedia formats (including images, video, audio, and text
documents). Recent research suggests that engagement in creative production activities can help
nurture a range of 21st century skills such as an innovative mindset and a sense of creative self-efficacy
(Barron & Martin, 2016; Blikstein, 2013; Vossoughi & Bevan, 2014), the development of confidence with
tools, a sense of ability in generating novelideas, skillsin using networked resources for learning, and a
willingness to engage in rounds of revision and troubleshooting (Barron, Gomez, Pinkard, & Martin,
2014; Ito etal., 2009).

Specificlearning management features that allow educators to guide the work that youthengage in on
the platforminclude templates for scaffolded learning pathways, guiding educators to upload sequences
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of assignments culminating in a digital media submission (Madison-Boyd & Steele, 2015), and
assessment mechanisms such as rubricratings that align to the requirements and learning dimensions
set in the learning pathway activity formation. Within learning pathways or other one -off calls for
student work such as through a blog post, educators can build in learning supports for students to
enable more independent progress toward project completion, such asembedded and linked resources,
how-to guides, and clear assessment dimensions. Youth learners can navigate through available learning
pathways or one-off assignments, upload their work to the system within the calls for particular
activities, and directly ask questions about the assigned work through messaging. Youth and educators
can review submissions and participation by looking atindividual student progress alonga pathway and
through individual portfolios of work.

3.2 Using Social Network Features to Support Community Development

While adult educators hold key positions in the iRemix network as they organize, structure, and facilitate
learning in the online space, the system is also designed to foster a learner-driven community that
reflects youth voice and interests. Importantly, students can access the system out of class and on their
owntime. One design decision was to allow youth to post digital artefactsinvarious spacesonthe site,
at any time, not just as submissions to educator-driven prompts. Features allowingyouthtocontribute
individualideas and work outside of assignments include status updates, comments, blogs, debates, and
forums. All media submissions can be identified by the user as original (created by the user) or not.
Additionally, incorporating ways for youth to interact with each other around theirwork was critical as
was supportforways for youth to connectto adult mentors and educators outside of face-to-face time,
building on the importance of peer-to-peer and youth—mentor supports and interactions that were
critical to the success of DYN in face-to-face settings (Barron, Gomez, Pinkard, & Martin, 2014).

Social network features wereintentionally builtinto iRemix to cultivateacommunity of learners who
shared an interestinand practice of media project creation and development. Users are able to create a
profile page, link to peers through shared classes and friendship nominations, and view others on the
system. Individuals onthe system and their work are identifiable and observable, regardless of expertise
or age. Users can form groups and start discussions around shared interests, problems, or practices,
including those not formally part of the program curriculum. Multiple methods forone-to-oneandone-
to-group communication are available to educators and youth on the system, including private
messaging, commenting, debates, forums, and discussion threads.

Below, we summarize the primary learning activities the system was designed to support and the
correspondingiRemix features (see Table 1). Forthe sake of clarity, we organize these featuresinterms
of discrete intentions, but many activities and features are interconnected, andinfactthe redundancy
and interwoven nature of the site isintentional to allow multiple entry points to participation.
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Table 1: SpecificiRemix features mapped onto youth learningintentions.

Intention Features Screenshot of feature Description
Create and Multimedia Production of digital media artefacts,
shareworkand  submission revising based onreview of work and

ideas

Explore
learning
opportunities

Reflect on
one’s own

work

Develop
identity as a
creator

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND 3.0)

formats (text,
video, sound,
games, photos,
designs)in
multiplespaces on
the site

Learning pathways

Embedded and
linked references
andresources

Portfolio

Pathway progress

Profiles

Status updates

S O 8¢

external feedback, and submission
online. Expression of ideas through
multimedia and authentic audience
sharing. Work can be submitted within
formal learning pathways orinresponse
to adult-educator prompts for
submission, as well as atanytime in
other spaces, such as the activity feed,
forums, or groups.

Seeking outideas and resources for
learningand creation,includingthose
related to required assignments and
opportunities for going broader or
deeper inacertainarea.Pathways also
include exemplars submitted by others,
which canbe explored to generate new
ideas.

Portfolios are public, displaying all work
submitted by one user, grouped by
media type.

Pathway progress visualizations show
completion and work yet to do,
supportinglearners in planningand
reflecting.

Each user has a public, editableprofile
page includingusername,image, and
spaceto tell about themselves through
text, images, video, and HTML
formatting. Itis linked to portfolios of
work.

Brief status updates can be entered

46



JOURNAL OF LEARNING/ANAEYTIES o

SELAR

(2016). Revealing opportunities for 21% century learning: An approachto interpreting usertrace log data. Journal of Leaming Analytics, 3(2),

37-87. http:// dx.doi.org/10.18608/jla.2016.32.4

Observe and
connect with
others engaged
insimilarwork

Communicate
with others
around work
andideas

Visible links to
other users

Groups

Activity feed

Critique through
ratings

Comments

Private messaging

Forums

4 METHODS
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Fn Than P

Sartag homgn

from the home page and arebroadcast
to the siteactivity feed.

There are multiple ways to view
individual participation as partofa
larger community of practicethat
includes adulteducators and peer
experts and novices, with the ability to
identify friends and form andjoin
groups based on special interests.
Clickingonvisibleusers leads directly to
their profile page and portfolio of work.

The activity feed shows a live update of
activity onthe site, includingwho and

what, allowingusers to open individual
profiles and/or view a related artefact.

Various methods and modes to express
opinions, critiqueideas, develop
evidence-based arguments, and widely
broadcastideas, both privately to
individuals and publically to the entire
network. These multipleentry points for
communicationareintended to support
learnersindirectinteraction with others
on the site, specificallyaround workand
ideas.Examples includeratings systems
to allowusers torate the projects of
others usingrubrics or the comment
function.

Goalsfor thisexploration of usertrace log data were twofold:first, tointerpret raw log data in ways that
feltauthenticforthe unique contexts of use, allowing forinterpretation by educatorsand DYN learning
designers that could lead to changes in design and practice, and second, to contribute to larger
conversations about using learning analytics to explore the potentialfor 21st century learningin online
spaces. We use a “bottom up” approach to study a sociotechnical system, looking ata set of automated
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logged actionsfora smallerset of users combined with qualitative datafrom the environment to better
understand variation in patterns of use and intentionality about, or barriers to particip ation.

4.1 Participants and Local Context

We report on one English Language Arts teacher, Mr. Kellog, who used iRemix with his sixth grade
students (N=53) oversix months fromJanuary to June 2014. Kellogtaughtina K-8 publicschool serving
500 students. The school was located on the far west side of Chicago, and although the school was open
to anyone within city limits through a lottery system, it drew the majority of its students from the
predominantly Latino local community. The student sample in this study reflected the larger school
demographics, andincluded 47.2% girls and 52.8% boys, with 89% self-reporting as Latino, 6% black, 2%
white, and 2% Chinese. Over three-quarters of these students (83%) reported Spanish-speaking
households. Home technology access and activities for this sample looked similartoteens generally in
the US (Lenhart, 2015). Most (85.1%) had theirown computerat home and almostall (96.2%) reported
home Internet access, although only about half (48.9%) said that it worked consistently. The majority of
students regularly (more than once a week) played digital games (77.6%), used a social network site
(75.5%), looked for information online for homework (69.4%), and used the Internet to look for
information related to theirinterests orhobbies (62.5%).

4.2 Data Collection and Analytical Strategies

Our firstresearch question asks how we canidentify evidence of opportunities for 21st century learning
inlog data of usertraces. Our second question asks how we can understand activity patternsin different
communities of learners with their own practices and intentions of use. In this exploratory work, our
data collection methods drill down from the system level to the individual to better understand the
learning environment from various perspectives, helping us to interpret log data. To answer the first
guestion, we first collected iRemix usertrace log datafrom the student cohortand engagedinlearning
analytics, applyingan exploratory analytical process and framework foridentifying evidence of potential
opportunities for 21st century learning. We then used self-report student survey data to explore
correlations. To answer our second question, grounding what we saw and continuously refining our
interpretation of results, we also engaged in extensive qualitative case studies of the classroom, teacher,
and youth learners. Below we detail these three data collection strategies and analytical approaches.

4.2.1 Creating a framework of interpretation
In additionto the data generated through general use of the iRemix platform, aseparate data table of

records of iRemix trace logs is maintained. The creation of recordsin the trace logs database is triggered
by useractions and certain system events determined by the DYN technical develop mentteamto be of
interest (e.g., posting updatesto the activity feed). These have evolved along withthe system and the
organization overtime. Atthe time of this study, there were 158 unique trace log records. A unique log
record is defined by the action (n=40) and the type of objectinvolvedin the actions (n=38). Examples of
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actions include login, read (looking at work and the profiles of individuals), create (posting media or
starting a blogpost), comment (adding a comment to posted work or a discussion), and rate (formally
assessing posted work). Examples of types of objects connected to actions include blogpost, video,
photo, user, and group. For example, the action-type read-photoisaunique type of logged record, and
is generated when the user clicks an interface control (i.e., a button) in order to view a photo. The
action-type comment-blogpost indicates the user posted a comment in response to a blog post. In
addition to the action and type, the trace logs capture other fields including timestamp, the userlD of
the person who triggered the action, the artefactlD of any specific artefact (e.g., which photo was
viewed). Some types of logs include fields containing relevant content, such as the title of a posted
artefactand the textentered asa comment.

Log data was collected in Kellog’s instance of iRemix (usersincluded 1educatorand 53 students) from
January 2014 through the end of the school year in June (n=25,746 user trace logs). Transformation of
log data sets was achievedto clearthe data of irrelevant activity (i.e., researchervisitsto the site, or log
data that was misrepresented or duplicated at the point of capture), and various exploratory analyses
were performed on the dataset, including Tableau visualizations and SPSS descriptive and correlational
analysis to look for patterns. This cycle of pattern finding and data cleaning allowed us to finalize a
datasetand prepare for furthertransformation and analysis. The strategy foranalysis, specifically how
we operationalized the raw log data to reflect clusters of log activity representing potential
opportunities for 21st century learning includes 1) conceptual framework and rationale, 2) technical
iRemix configuration, and 3) creating a schema of mapping raw log data onto an operationalized
learning framework. We consider this work to align with definitions of social learning analytics
(Buckingham Shum & Fergusson, 2012).

Mapping iRemix logged actions onto 21st century learning themes and DYN intentions. Our first step
was to conceptualize how the actions captured in the iRemix system map onto the broadertypes of 21st
century learning activities that the DYN program and platform were designed to foster — creative
production, self-directed learning, and social learning. Moving between the actions collected by the
system (the data collected) and the learningintentions behind the design of the system (the intended
feature usage based on prior DYN goals and prior work, as well as what we know about potential
learning outcomes afforded by learning management systems and social learning networks), our team of
researchers, withinputfrom DYN learning designers, technical developers, and educator practitioners,
developed a framework to operationalize actions logged on iRemix as eviden ce of opportunities for
creative production, self-directed learning, and social learning (Table 2). We considerthese to be human
capacities necessary for productive participationinthe 21st century, and while they do notrepresentall
areas of 21st century learning, they do align with parts of current definitions as laid out in the
Introduction to this paper. Critically, this framework is exploratory — it is not meant to imply that
activity on the systemis evidence of learning, but ratherreveals certain activity as evidence of alearning
opportunity. This work employs the strategy of firstlooking for evidence of the situational opportunities
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for learningin observed online behaviours (i.e., counting opportunities when learning was possible, not
that it actually occurred) (Reich, Murnane, & Willete, 2012) prior to pursuing alignment of action and
learning outcome.

Table 2 lays out the framework of iRemix opportunities for 21st century learning, including the three
focal learningthemes, 11lintended learning opportunities related to thistheme, and the corresponding
logged actions onthe iRemix system. We envision these elements as the building blocks of usage of the
system, the language that can let us look for patterns in this exploratory work. In this interpretive
framework, careful attentionis paid toiRemix as asocial learning network; in otherwords, the meaning
of the logged action was dependent on the role of both the actor and the recipient.

The project-based focus of DYN is based on research, suggesting that engagementin creative production
activities, including cycles of feedback and revision, can help nurture 21st century skills such as
creativity, technical self-efficacy, and working through complexity (Blikstein, 2013; Vossoughi & Bevan,
2014; Barron, Gomez, Pinkard, & Martin, 2014). Online profiles have been shown to promote individual
visibility on a network (Girgensohn & Lee, 2002). As such, we classify log actions of Edit own profile
page, Post created media (original), Edit own work, and Resubmit work as opportunities for creative
production, asyouth work to create and revise digital media artefacts and develop theirpublicidentity
as a creator online.

Actions related to the learning management features in the system are intended to provide
opportunities foryouth self-directed learning, specifically allowing youth to look for new opportunities
theyare interestedin, use embedded and linked digital learning resources,andseek support from an
educator by asking a direct question about an activity. The learning pathway progress visualizations
provide students with a tool to support self-regulated learning as they look at their progress and plan
out what they have to do next (Dabbagh & Kitsantas, 2012). As such, we classify logs of View own
pathway progress, Post question to educator about assignment, View potential activity, and Open
activity resource as opportunities for self-directed learning.

To look at opportunities forsocial learning, we specified those features identified as potential learning
interactions with others around work, including looking at the work of individualstoget new ideas for
theirown work (Peppler, 2013), participatingin interest-based communities (Jenkins etal., 2009; Ito et
al., 2009), exploringcommunities and individuals to see whoisin the network, whattheyare interested
in, and what they are doing, and actively communicating through comments on work (Berlanga et al.,
2007) or ideas, or more formal critiques (Barron, Gomez, Pinkard, & Martin, 2014). We classify log
actions of Create new group, Join existing group, Open work of user (peeroreducator), Open profile of
user, Open portfolio of user, Open group, Open forum, Comment, and Provide critique rating as
opportunities forsocial learning.
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Table 2: iRemix 21st century learning opportunities framework.

DYN theme related to 215t century learning Intended learning Logged iRemix action
opportunity

Creative production: Define creatoridentity Edit profile page
Understandingand utilizingappropriate media,

elaboratingandrefiningideas and work, creating Create media Post created media
new and worthwhile ideas, developing media

literacy and technological fluencyand

Revise work Edit own work

Resubmit work
confidence through productionand

participation.

Self-directed learning: Use resources Open activity resource
Reflecting on learning experiences and

processes, personalizinglearningthrough Monitor progress View own pathway
making connections with individualinterests and progress

goals, takinginitiative, beinga lifelonglearner,

developing self-direction, making decisions, Seek support Post questionto educator

seeking out information. about assignment

Seek opportunities View potential activity
Social learning: Participatein groups Create new group
Communicatingand collaboratingaround work Joinexistinggroup
andideas, being open to new ideas and
. . . Explore work of others Open work of user
perspectives, teachingand learning from others.
Explore community Open user profile

Open user portfolio
Open existing group
Open existingforum

Communicate Post comment
Providecritiquerating

Streamlining technical iRemix configuration and coding process. Next, we developed a technical
configuration of iRemix that permitted researchers to access trace log data, implemented the coding
framework, and produced a database of coded logs that can be used for data analysis and visualization.
Figure 3 providesasimplified overview of this configuration. A cloud-based production server provides
storage and computing for the iRemix platform. The platformitself contains various data tables typically
required of such social network applications, such as data related to instances, site customization
settings, users and accounts, posted content, groups, commenting, as well as data related to more
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specialized features such as debates, ratings, challenges, and pathways. This data is generated and
stored as users access and interact with the system.

Tableau Server
iRemix Data visualizations
Production »

Server

o \ PSS
R 7| Data analysis
7
iRemix e
Data Documentation Survey
Wiki Data

Figure 3: Technical configuration of iRemix enabling log coding.

To serve ourresearch and design needsinanalyzing and creating visualizations based onthe trace logs,
we established a Research Data Warehouse, separate from the iRemix platform production server, to
house the trace log data and otherdata not generated by the iRemix platform but needed for analysis
and visualization (such as the 21st century learning opportunities framework). This Research Data
Warehouse, also stored on a cloud-based server, is populated through nightly routines that copy new
trace log data from the production server. This separation between the production server and the
Research Data Warehouse allows for controlling access to iRemix data by instance and reduces queries
to the production serverthat may negatively impact platform performance.

This process of triggering the creation of trace logs, determining which fields and values are included in
the logs, and trackingthe unique types of logged actionsis negotiated among the iRemix programmers,
researchers, and designers. As new features are added, or as features are altered, decisions must be
made about how to add to or modify the creation of trace logs and how they are coded. To support
collaboration and communication around data documentation, we created a wiki for internal staff as
well as external stakeholders (such as administrators and researchers using their own iRemix instances).
The wiki provides an index of key data tables linked to descriptions of fields, value types, dimension
tables, knownissues, examples, and otherannotations.

Automating coding of raw trace logs to the 21st century learning opportunities framework. The
database of trace logs (action-type) described earlier are the raw logs produced by iRemix. Thatis, they
are meantto provide the base levelinformation describing the actions taken. While the data providedin
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these logs has utility for capturing user behaviour, we use coding frameworks to further categorizelogs.
These frameworks represent our developing theoretical understandings as they emerge from ongoing
research and make explicit connectionsto the types of actions logged in iRemix. In this paper, we focus
on the 21st century learning opportunities framework to better understand the online activities of
youth. This is part of our larger work to understand interactions and learning on the iRemix site (e.g.,
codingthe learning supportactions of adult educators; see Nacu, Martin, Pinkard, & Gray, 2014). These
frameworks are stored as databases to translate raw logs to coded logs in the Research Data Warehouse
(Nacu, Martin, Schutzenhofer, & Pinkard, 2016).

Figure 4 provides asummary of the coding process. Foractions made by youth learners, ourobjective is
to connect the raw code with an intended learning opportunity and a linked broader theme of 21st
century learningto facilitate summary and interpretation. To do this, categorizing studentactions first
requires coding the logs based on the unique log type (i.e., the action-type, such as comment-video).
Next, the coding framework examines who the action was directed towards in order to apply an
intended learning opportunity code. Thatis, the coding framework considers the actorand the recipient
of the action. For Example 1in Figure 4, if a student (the actor) clicks a buttonto view the posted video
(action-type: read-video) of a peer (the recipient), this action will be coded as exploring the work of
others, and linked to the higherlevel DYN learningtheme of social learning. InExample 2in Figure 4, if
the log data indicates that the video was created by the user (self) and the actionis edit, it will be coded
as reflecting the learning opportunity to revise work, which relates to the theme of creative production.

Coding method Raw Trace Log Data Coded Log Data
Coding
= 1]
| actor |_| action-type H FEcipient | l Frameworks Intended opportunity H DW:J::‘:; b
Exgmpie 1 Raw Trace Log Data Coded Log Data
. - Coding - Exploring the wark . .
student H read-video H peeer | Framewaorks of athers — Social learning
Example 2 Raw Trace Log Data Coded Log Data
Coding i
. —* . Creative
student H edit-video H self | Frameworks Revise wark production |

Figure 4: Summary of automated coding of raw trace log data.

While iRemix provides most of the data used in our analysis through the trace logs database, other
metadata is used to organize the trace logs. For example, while iRemix in its current configuration
organizes user data into instances, it does not store historical classroom roster data. For research
purposes, itisimportantto know how youth learners are associated with individual educators and each
other, and how those classroom and program rosters change fromyear to year. While this metadataset
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is relatively small, it is part of the configuration that helps to organize the raw logs into the groupings
needed for dataanalysis, reporting, and visualization.

Once the raw trace logs are coded, this becomes a data source that can be used for analysis and
visualization. A dedicated Tableau server connects to the research database and allows forthe creation
of data visualizations that can be made accessible to various user groups. Tableau was selected as a
platform for data visualization and analysis becauseitallowsforadirect connectiontothe source data
(via the Research Data Warehouse), allows for quick prototyping and iteration on interactive data
visualizations,and provides robust userand group controls for providing access to subsets of data. The
coded data logs can also be exported for use in SPSS (and othertools as needed) to be considered along
with otherdata, such as surveys, for quantitative data analysis.

Importantly, usertrace log data may not always reflectintentional decisionsto click ornot click certain
areas of the site. Thus, while we are interpreting the absence of datain user logs for a certain area as
evidence of the userlacking the initiative to triggerthatlog, it may rather be that the userdid not know
how to access or use a particular feature. Similarly, thereis a chance that some logs represent partsof a
click-through path necessary to getto anotherintended activity. Through ourinitial process of meaning
making as we refined our framework for 21st century learning opportunities, we tried to minimize these
types of clicks. For instance, the log data consisted of an overwhelming number of unique logrecords of
studentslookingattheirown work on the system. On average, 39.52% of the overall corpus of students’
trace actions (M=122.57, SD=36.67) identified an instance when the userwas on a screen that portrayed
theirown posts. Although self-review is acritical element of online participation and the development
of high-quality project-based work, this log skewled us to considerlogged actions that were more likely
driven by cognizant user choices versus those that could potentially happen asthe userwason the way
to do something else. Reports of students looking at their own work were generated whenever users
navigated to their own profile page or a learning pathway they were working on that day. In other
words, thislog could be a result of a workflow path click-through as opposed toanintentional discrete
activity. These actions, therefore, are not currently part of our 21st century learning opportunities
framework. The activity logs we did include in this analysis were considered relatively dependent on
some user choice as opposed toa common system path log, although this is not 100% accurate as users
navigate and explore the system in theirown unique ways.

4.2.2 Correlations in online activity with measures of 21st century learning orientations

To furtherexplore the authenticity of using log data to identify evidence of potential opportunities for
21st century learning, we collected self-report survey data from the student cohort (N=53). Metrics
included those used in previous studies of youth orientations and activities related to 21st century
learning (Barron, Walter, Martin, & Schatz, 2010; Barron, Gomez, Pinkard, & Martin, 2014; Barron &
Martin, 2016). The survey used Likert-responseitems, checklists, and rating scales covering themes of
access to technology; prior experiences with digital learning; self-reported interest, confidence, and
valuing of technology; plans for the future; and technology social learning network (see Table 3).

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND 3.0) 54



JOURNAL OF LEARNING/ANAEYTICSI SELAR

(2016). Revealing opportunities for 21% century learning: An approachto interpreting usertrace log data. Journal of Leaming Analytics, 3(2),
37-87. http:// dx.doi.org/10.18608/jla.2016.32.4

Questions focus on technology and digital medialearningin particulargiventhe content focus of DYN
programming. Surveys were administered nearthe end of the school year ( May 2014) duringclass time,
and took approximately 20 minutes (ranging from 14-27) to complete. Importantly, thesesurveyswere
not meantto imply that youth had developed certain dispositions as aresult of theironline activities, or
vice-versa; they wereratherto explore potential correlations between ourlog dataframeworkanalysis

and exploratory self-report metrics usedin priorstudies.

Table 3: Survey measures.

Home access

Regular online
hobbies

Creative self-
efficacy

Confidence
with technology
activities

Possible
technology-
related jobs for
the future

Navigating the
Internet

Sustained
experience with
creative
production
activities

As a proxy for socioeconomic status thesurvey includes questions abouthome access to
technology — including havingtheir own computer (yes/no) and a workingInternet
connection — and a checklistformat question asking students to indicatetheir access to
specifictools athome: wireless Internet, a printer, a video camera, a digital camera, a
handheld mobile device likeaniPad,a smartphone, and a game console. A tools at home
measure was computed by summing the number of computers and the number of other
tools indicated with a total possiblescoreof 7.

Students indicated how often they participatedinfour onlineactivities (gaming, social
networking, findinginformation for homework, findinginformationabouta hobby) on an 8-
point scalefrom never to several times a day, and computed a binary measureto indicate
regular activities asthosethey did more than once a week.

A measure of creative self-efficacy uses theaverage of two ratings of agreement (/ am able
to come up with new and interesting ideas and | am able to be creative) on a 5-pointLikert
scalefrom1 (strongly disagree)to 5 (strongly agree); Chronbach’s alpha measureof scale
reliability=.81.

A measure of technology confidence uses the average of two ratings of agreement (/ am able
to do well in activities that involve technology and/am able to learn new technologies) on a
5-pointLikert scalefrom1 (strongly disagree)to 5 (strongly agree); Chronbach’s alpha
measure of scalereliability=.78.

Students were asked to rate their agreement about the likelihood of possiblefuture
occupations related to technology on a 5-pointLikert scalefrom1 (not at all likely)to 5
(extremely likely).

Student Internet proficiency was determined based on a survey proxy to measure both
effectiveness and efficiency by taking the total of ratings of understanding of 15 Internet
terms from 1 (no understanding)to 5 (full understanding), developed andvalidated to look
atonlinesearchskills (Hargittai, 2005; Hargittai & Hsieh,2012).

Nine technology activities (including programming, creating publications, creating websites,
makingdigital art, robotics, digital movie making, game creation, music production, and
developing podcasts) were presented as descriptions of possible products, such as Created a
piece of art using an application and Created your own newsgroup blog, or discussion site on
the Internet. Students were asked to indicatethe number of times they had participatedin
each from a four-option choiceof 1) never, 2) once or twice, 3) three to six times, or 4) more
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than sixtimes. A breadth scorewas calculated representingthe number of activities a
student participatedinatleastonce anda depth scorewas calculated representing the
number of activities a student participated in more than six times, a measure of repeated
and sustained engagement across media genres (Barron,2006; Barron, Walter, Martin, &
Schatz, 2010; Barron, Gomez, Pinkard, & Martin,2014).

Technology To find out more about a student’s network of people they were learningfromandteaching
learning about technology, we developed counts of teaching and learning networks. Students were
network asked to indicatewho they were teaching about computing from a listof eight relational

categories: mother, father, siblings, other relatives, friends, teachers, other peers, and other
adults.We also asked students to indicate who they learned from aboutcomputers and
technology, from a 3-option choice of not important, somewhat important, and very
important, from a choice of their teacher, other teachers at school, adults inan after school
program or community centre, mother, father, siblings, friends, other relatives, other adults,
and other peers. We totalled the number of categories of people students reported learning

from a lot.
Learning from A question asked students about the importance of different learningsources, froma 3-
online option choice of notimportant, somewhat important, and very important. We created a
communities binary measureto determine which students reported learninga lotfrom online

communities.

Social Students were asked to agree on a 5-point Likert scalefrom 1 (strongly disagree)to 5
perspectives (strongly agree) with statements about their use of the Internet, includinganitem / feel I've
online gotten new perspectives on societal issues (issues important to society like poverty, violence,

health and safety, civil rights) because of my online activities (Kahne, Middaugh, Lee, &
Feezell, 2012). We created a binary measureto determine which students reported
agreement or strong agreement with this statement.

4.2.3 Developing qualitative portraits of educator and focal-case learners

To answer our second question, lookingto complement and deepen ourunderstanding of our first two
analyses, we developed qualitative case portraits of individuals (Barron, Gomez, Pinkard, & Martin,
2014). This need to take into account the contextual setting has been identified as critical for
understanding usertrace datain big data (Boyd & Crawford, 2012). Although ourwork does notclassify
as big data, this strategy encourages retaining the authenticity of unique environments of use. To
specifically learn more about the individual intentions, goals, experiences, and identities of individual
learners withinthe network, we engaged ininterviews with Kellogand a subset of his students (n=8).
Students were selected to represent a mix of boys and girls and a range of iRemix engagement, as
determined by survey responses about enjoyment (more and less) and use outside of required
participation (higherandlower). Interview protocols were adapted from existinginstruments used in
prior work (Barron, 2006; Barron, Gomez, Pinkard, & Martin, 2014), including a learning ecologies
interview designed to elicit activities across the contexts of home, school, and community, attending to

how the youth used computers and technology in these contexts, and an artefact-based reflection
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interview using the student iRemix profile and portfolio as a shared reference point to discuss their
work, contributions to the site, and plans for learning more. Two teacher interview protocols were
developed to reflect on outside interests and activities, professional goals, use of technology in the
classroom, and student participation during the year. Interviews wereconducted atthe beginning and
end of the school year. Cases use pseudonyms throughout.

5 RESULTS

We report results in three sections, going back and forth between qualitative understanding of the
unique classroom context, community and individual learners, and quantitative log dataanalysis.In the
first section we provide the story of the learning environmentand ourfocal teacher,in the second we
presentresults of log coding and exploratory correlational analysis with survey data, and in the third we
locate individual studentsinthe log dataand provide a person-centred view of their experience.

51 Learning Environment: Supporting Creative Expression through Digital
Production

Mr. Kellog: | think everythingis gearing towards ... just having a wide range of being able to take
asimplewriting piece or whatever and create a really cool media projectina variety of different
ways, through iMovie or stop motion or ... PowToons and Garage Band and all that, so [my
students will] go into the high school and belike, all right, I’'m going to do this project, and just
wowing everybody.

In this section, we describe the learning environment and the specificfactors influencing studentuse of
iRemix, including the wider school cultureand support fortechnology in the classroom and the teacher’s
goalsand priorexperiences.

The school principal and charter administration were very involved with and supportive of technology
for learning. In 2012, the school was part of an initiative to connect Chicago Public Schools in
underserved neighbourhoods to the US government’s Broadband Technology Opportunity Program (B-
TOP). As part of a related grant, the school partnered with DYN and received DYN mentor supportin
middle school English Language Arts (ELA) classrooms and an Apple laptop cart. In his first year of
teaching, the yearpriorto our research efforts, Mr. Kellog was selected by the administrationtobe one
of the school educatorsinvolvedin this collaboration. ADYN mentorvisited his sixth grade classes once
a week supporting students to translate the written work they were doing into multimedia artefacts
such as podcasts, videos, and graphics, blending traditional literacy with digital medialiteracy (Barron,
Gomez, Pinkard, & Martin, 2014). The year following the B-TOP grant, the principal chose to continue
the partnership with DYN and DYN offered summertechnology programs at the school and an e-fashion
afterschool club for girls. The school also added to their own technology offerings including a middle
school digital game design elective and avideo production afterschool club. The school had adedicated

computerlab, classroom computer clusters, and aregularly updated website that frequently showcased
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student media projects. The school administrators promoted data-driven instruction by utilizing a
school-wide learning management system that collected, reported, and visualized grades and
attendance. School professional development sessions encouraged teacher experimentation with
technology toolsintheirclassroom, and introduced new tools, including EdModo, an online platform for
teachers often usedto assign homework and schedule quizzes.

At the time of thisresearch, Kellog wasin his second year of teaching sixth grade ELA and social studies.
Despite beingayoungteacherin hislate twenties, he did not use technology muchoutside of school,
did not have a Facebook account or any other type of social media, and before his work with DYN had
no experience with creative digital production beyond word processing. Through the collaboration with
DYN the year prior to our research, Kellog became engaged in the use of technology for creative
productioninthe classroom. He reflected on hisown learninginthis area, “Sometimes|’ll be up there
and, man, [Ithink], ‘Am | really saying this right now?’ Talking aboutiMovies and stuff, soit’s cool.” He
and his students were recognized for their digital production expertise within the school, as Kellog
invited teachers and administrators to class presentations and shared exemplary studentworkthrough
emails and poststo the school website. After his first year of mandatory collaboration with DYN through
the B-TOP program, Kellog opted to continue using DYN projects and the iRemix platform with his ELA
classes, this time leading the work himself with smaller collaborations with DYN to add additional
learning pathways and resources linked to his curriculum.

5.1.1 Goals and intentions as a teacher

Kellog felt a responsibility toward his students that went beyond making sure they were proficient in
ELA standards. He wanted to make them “ready for the next step... the next step is 7th grade, but we
look beyond thatto high school and college” and to “inspire” students to be the “beststudent you can
be.” Part of this was to encourage his students to take more control of their own learning, and he
described his teaching process as one of “gradual release” from direct instruction to letting students
take increasing ownership of theirtasks. When asked specifically what he wanted his studentsto learn,
hereplied,

| feel like they got iMovie down, which is great, just maybe taking it to a next level or even
incorporating somedifferent thinkingskillsthatgo into designing, justtaking an event piece and
creating something really cool ... be more creative with it, which we’d have to really think outside
the box for it.

The response reveals Kellog’s focus on supporting creative expression through the production of digital
media, building onthe initial work he did with DYN. As such, digital mediain his classroom was not often
tied to formal grades and assessments, and was positioned as something the entire class, including the
teacher, was exploring together,
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| remember our first iMovie. It was just like we’ll throw in a text box and write something on it.
Then it got more advanced, but | think the very first time we do any of this it's going to be just
trial and error.Once they get good at it, that's when we startnarrowing down expectations.

In addition to wanting his students to learn the technical skills necessary for contemporary digital
production and explore their creativity through multiple modes of expression, Kellog had a
communicative goal forthe learningand development that went onin his classroom that was part of his
desire toinvigorate the contributive voice of his focal students:

The culture here is they’re very reserved, which allows for easier classroom management, |
would say, but a different type of style. You really have to work to get kids to participate and
raise their hands ... most of the challenge is getting them comfortable enough to participate and
speakinfront of the classandsharetheirideas.

5.1.2 Goals and intentions for using iRemix

Kellog chose to continue using iRemix with his students despite the fact that, like many teachers, he and
his students were navigating multiple platforms for managementandinstructionin his daily teaching.
The school student data management system was mandatory and Kellog used it to track student
attendance and inputformal progress, including grades and test scores. He also used EdModo to direct
assignments and quizzes to students as one-time events, and allow students to input queries of
clarification about content orassignments. While these two systems were used for relatively traditional
learning managementand instructional practices, Kellog saw iRemix as aspace for students to explore
and share creative work and ideas. He purposefully did not utilize the more formal learning
management aspects of iRemix like assessment of student work. Partly, thiswas aresultofa perceived
redundancy, since he hadto entergradesin mandatory systems he did notsee areasonto also do itin
iRemix, but more importantly, he recognized iRemixasan online learning space thathisstudents were
excitedtovisit, and he wanted to keep it that way.

A lot of these kids don’t have Facebook or whatever, so | think they’re all like, they can’t wait to
get it, this is their opportunity to try it out ... They have a profile, portfolio. They can see each
other’s work. They can see a whole history of videos, things like that ... They love going on there
and checking each other’s work out, especially if it has to do with photos ... If | say, “You have
free time to go on iRemix,” they get excited for that. They feel likeit’s more personal.

Kellog recognized the system as clearly aligned with his interest in encouraging expression through
mediaartefacts. He appreciated that the system could accept and display different types of media, and
that there was a private writing space for cycles of editingand revision. He was particularly interested in
studentaudience as a precursorto constructive criticism and encouragement, which he thought might
be easierforthe studentsin his classroomto do digitally.
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If they’re doing a blog, they can post something and then somebody can read that right there
online, as opposed to getting up from their desk and then having to look at their notebook, what
they’re writing. It's a lot easier to see and edit peers’ papers and just share ideas. You can
comment on videos. If you login there and a student does a video, another student doesn’t have
to go walk over to that computer screen. They can stay logged in and can say, “Wow, | really like
your video because of this.” It takes away that face-to-face interaction, butitallows kids to see
their work, get feedback.

5.1.3 Classroom implementation of iRemix

Duringour study, Kellog used iRemix approximately 43% of the days students were in the classroom (49
days over the six-month period). HisiRemixinstance included seven possible learning pathways. Kellog
co-developed five of them with DYN staff to align with his curriculum (e.g., see Figure 5),and the other
twowere developed by DYN: 1) IntroductiontoiRemix, designed to get users familiarwiththe system,
and 2) a pathway focusing on stop-motion animation.

In January, students were formally introduced to the laptops, logged into iRemix with their individual
usernamesand passwords, and started the Introduction toiRemix learning pathway. Kellog’s five other
pathways were assigned to students overthe next six months. The submissions required for completion
of these pathways totalled nine media artefacts: three blog posts and two each of videos, images, and
audio files. Kellog also posted four assignments as blog posts asking students to submit their work in
various ways on the site; submission formats included an online private notebook post, amedia post, a
blogpost, and a comment.

RACE Writing Strategy
Category: Language frt

Tiwsta: Liib, T hasil. aival W fireas Cads Dosunt
Hhit - Bl Thivsd Thairy vt Bl Toers. Beheol

Oy Ditwtrbet Wt
[Appr— .

Lawvad: Lawvad:

arsae P geesians reaknl Aacising B ting B
T M b el Tirw 13 Cornphamec Mad T iz Cormplite: Mes

s = m m
Tirw iz Complaie Y Tiren in Carminie

Figure 5: Teacher-developed iRemix learning pathway: RACE Writing Strategy, focusing on the
school’s writing strategy for standardized testing.

During days thatiRemix was a focal activity, Kellog gave his students time in class togoonto the system
and look at required learning pathways, work on activities,and submit assignments. Studen ts could also
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log onto iRemix athome on theirown time. The work assigned by Kellogonthe system was required,
but the work was not formally graded. Instead, he monitored the classroom during iRemix work and
presentation days to ensure that everyone had posted. During iRemix work time, and also classroom
free time, he encouraged studentsto look at the posted work of classmates and commentonit. Twice,
Kellog also required students to post a comment on the work of another student. He occasionally
offered extracredit fororiginal posts beyond requirements, but did not specifically encourage students
to begin other learning pathways on iRemix or to review their progress using pathways and portfolio
views.

Kellogsometimes blended the digital and classroom learning spaces by projectingthe work submitted
online onascreeninthe physical classroom to showcase different projects and have students present
theirsubmitted iRemix work in person. This was linked to hisintention of buildingstudent confidence
through modes of public contribution and communication:

| also think that community-building within Remix is good, but a lot of what we have troubles
with, especially here, is eye contact, face-to-face interaction, speakingloudly, speakingin front of
the class, presenting, which we went over. A lot of the projects are, they write this great piece on
Remix and then they uploadit, but | want them to speakin front of the classroom.

This rich description of Mr. Kellog’s intentions and classroom practices allows an additional lens with
which to interpret quantitative results. Inthe next analysis section, we presentthe automated log data
collected fromthe 53 sixth graders workingin this learning environment over the course of six months.

5.2 Student Learners: Evidence of Opportunities in Student Traces

The students used the system an average of 52 days (SD=9.34), with individual students ranging from 37
to 89 days, during the six-month study. They logged into the system an average of 70.57 times(ranging
from 41 to 129, SD=19.48) and initiated an average of 313.26 logged user trace actions (ranging from
130 to 488, SD=91.91). This variability suggested some level of student-initiated use of the system as
opposed to uniform classroom participation. In this section, we apply our framework of 21st century
learning opportunities tothese logged student usertraces (see Table 2).

Table 4 showsthe average counts, and minimum and maximum counts forindividual students, of the 11
learning opportunities we were looking for, as calculated from automated coding of the individual user
trace log actions in the iRemix system for each student over the course of the study. There was a high
frequency of activity around youth-created artefacts, including posts of original media and students
looking atthe posts of others on the system. There were also frequent counts of explorations of people
and activity opportunities onthe system, and evidence of communication with others.
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Table 4: Descriptive statistics of opportunities for 21st century learning, as coded from user trace log

data.

Activities logged for learning

opportunity M SE Median SD Min Max
Create media 39.25 1.40 38 10.22 21 62
Explore work of others 35.98 2.25 35 16.42 10 101
Seek potential activities 26.70 0.99 26 07.18 15 48
Explore community 25.53 3.74 13 27.19 0 130
Communicate 22.22 1.48 21 10.80 8 65
Define creator identity 21.62 1.67 20 12.15 5 64
Revise work 16.96 1.06 16 7.74 2 35
Participatein groups 1.87 0.30 1 2.18 0 10
Use resources 1.87 0.19 2 1.37 0 8
Monitor progress 0.26 0.11 0 0.76 0 4
Seek support 0.13 0.05 0 0.39 0 2

Table 5 groups the average counts, and minimum and maximum counts forindividual students, intothe
three focal 21st century learning themes we focus onin this paper.

Table 5: Descriptive statistics of opportunities for 21st century learning, as coded from user trace log
data, grouped by theme.

215t Century learning themes M SE Median SD Min Max
Creative production 77.41 3.29 74 23.97 36 135
Social learning 66.38 3.67 61 26.71 27 153
Self-directed learning 28.96 1.13 28 08.22 15 55

These patterns follow what we know about the learning environment. Kellog focused on digital
production, and youth were primarily prompted to use iRemix for creation and submission of digital
artefacts. The educatordescribed his students as more comfortable exploring as opposed to engagingin
direct critique orinteraction, and exploring the work of others was the next most common activity on
the system. While students were not prompted to monitor their own progress or use the system for self -
directed inquiry, they were encouraged to post comments and develop theirown profile page; both of
these activities were required at least once. These average trends of more and less frequent types of
activities follow the educator-driven aspect of the formal school classroom, but there was a lot of
variability across the individual students. The histograms in Figure 6 show the distribution for each
learning opportunity theme (note that the x-axis gradients are different forself-directed learning as a
result of lower counts forthat type of activity). Whilethe creative production counts were more or less
distributed alonganormal curve, the self-directed activity and social learning activity were skewed l e ft,
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indicatingahigherlevel of variability on the higherend of the spectrum with alonger tail of highly active
outliers.

Freguency
Fraguency

25 5 5 1 L 1 2 ¥ 4 5 2 7 1 135 5
Creative production actions Self-directed learning actions Social learning actions
Figure 6: Histograms of counts of clustered 21st century learning actions.

The number of overall counts of logged activities was correlated with the number of days students used
the system, as was the count of creative production actions, r(53)=0.75, p<.01, and social learning
actions, r(53)=0.57, p<.01, but there was no correlation between days on the system and the number of
self-directed learning actions. Because self-directed activities such asusingembedded resources and
monitoring progress were possible but not explicitly prompted by the classroom educator, it makes
sense that these counts were less likely to be a function of time on the system, and differences may
suggest more independent student choice.

Giventhe variability of countsindicating opportunities for each 21st century learningtheme, we were
interestedinfinding out more aboutthe students who evidenced more orfeweropportunities within
each theme comparedtotheir peersin the same learning environment. We used amedian split of the
counts (Table 4) to create higherand lower groups foreach 21st century learningtheme. Overall, 28.3%
of students were in the lower group for all three themes, 28.3% were in the higher group for all three
themes, and 44.4% were higherin some groups and lowerin others. To explore theselogged user trace
action counts as an indicator of potential opportunity for 21st century learning, inthe next section we
use these groupsto look for correlations with survey self-report datarelated to these themes.

5.3 Student Learners: Comparing Log Data Patterns and Self-Report Survey Data

For each of the three 21st century learning themes — creative production, self-directed learning, and
social learning — we first compare students in the higher and lower groups in terms of gender, home
access to computing and technology, and regular technology-related online hobbies. A primary focus of
DYN work is designing forequity, and we were interested to see ifany of the dimensions shown to be
predictors of and barriers to productive contribution and participation in some computing and online
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activities (e.g., Hargittai & Hinnant, 2008), were factors in counts of online activity that we think are
generative forlearninginiRemix. Then, we compare the studentsin the higherand lowergroups along
sets of surveyitemsthat have been used as metrics of student 21st century learning orientations within
similarthemes (Barron, Gomez, Pinkard, & Martin, 2014).

5.3.1 Creative production groups

The lower group had creative production opportunity counts ranging from 36 to 74 and accounted for
47.1% of learners (n=25) while the higher group (n=28) ranged in counts from 75 to 135. These two
groups looked similar in terms of their average proportions of user trace logs that accounted for
opportunities of creative production (43.3% and 46.2%, respectively) and social learning activities (38%
for both), butthe lower creative production group had asignificantly greater proportion of self-directed
learning activities (19.1% compared to 15.9%), (t(1,51)=2.52, p=.015). The students who were more
engaged with production activities on the site spentlesstime focused onthe aspects of the site where
educators had set up resources for learning (i.e., progress along learning pathways, formal resources,
and direct questions to the teacher). This may suggest that those students engaging in more creative
production were usingthe site ontheirown time formore informal learning beyond w hat was required.

Gender, Access, and Digital Hobbies. The two groups did not differin terms of gender (61.5% of females

and 44.4% of males were in the higher group), home access to computers and technology, and their
regularonline activities. However, although the groups reported spending similaramounts of time on
social networking activities overall (surfing, posting, and commenting), those inthe higher group were
significantly less likely to report surfing (70.8% of the lower creative production group compared to
41.7% of the higher group, @2=4.15, p=.040). This finding potentially identifies those students in the
higher creative production group as less likely to engage in passive exploration (i.e., surfing) in other
networked environments, instead choosing to use theirtime to contribute.

Our definition of creative productioninvolves developing anidentity as a creator and understandingand
utilizing appropriate mediafor production (Barron, Gomez, Pinkard, & Martin, 2014). Here, we compare
the higherand lower creative production groups on survey measures related to creative self -efficacy,
confidence with technology activities, and interestin taking on a future role with technology (see Table
3).

Creativity and Technological Confidence. The sample overallhad avery highrating agreement of their
creativity (M=4.34, SD=0.62, ranging from 3 to 5), and there were no significant differences found
between the higher and lower groups (see Table 5). The sample also had a high rating of overall

confidence with technology (M=4.42, SD=0.64, ranging from 2.5 to 5), and forthis measure there was an
effect of creative production group, with the studentsin the highergroup rating higheragreementwith
this construct.
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Table 5: Ratings of agreement of measures of creative self-efficacy and confidence with technology, by
higherand lower creative production groups.

Ratings of agreement Group M SE F P

Creative self-efficacy Lower 4.32 0.13 00.04 NS
Higher 4.35 0.13

Confidence with technology activities Lower 4.11 0.12 13.71 .001
Higher 4.72 0.11

Whereas all studentsinKellog’s class were engaged in production through poetry, writing, and digital
media, and we know the teacher fostered a creative expressive environment, those students
contributing more online were submitting digital media artefacts, perhaps accounting for the higher
technological confidence scores forthose in the higher creative production group.

Potential Technology Careers. Those students doing more creative production activity on the system
were significantly more likely than those in the lower creative production group to express a strong
desire to enterfields of engineering, technologically enhanced design, and video production (see Table
6). Again, the digital creationidentity of those in the creative producer group is apparent.

Table 6: Percentage of students who rated themselves extremely likely to go into different
technological future jobs.

Creative production group

2

Possible technology-related jobs for the future All Lower Higher X p
Video editor or producer 33.3% 17.4% 48.0% 5.05 .025
Game designer 18.8% 13.0% 24.0% 0.94 NS
Music producer or creator 16.7% 13.0% 20.0% 0.42 NS
Graphicor web designer 14.6% 0.0% 28.0% 7.54 .007
Engineer or computer programmer 12.5% 0.0% 24.0% 6.31 .014
Network technician 10.4% 8.7% 12.0% 0.14 NS
Computer teacher 6.3% 4.3% 8.0% 0.27 NS
Writer or journalist 6.3% 4.3% 8.0% 0.27 NS

In sum, those students choosing to do more activities related to creative production on the system,
including posting and revising work, had higher confidence about theirability to work with technology
and were more likely to think aboutacareerin areas related to production with technology, including
video editing, web and graphicdesign, and engineering.
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5.3.2 Self-Directed Learning Groups

The lower group accounted for 54.7% of learners (n=29) and had self-directed learning opportunity
counts that ranged from 15 to 28, while the higher group (n=24) ranged in counts from 29 to 55. The
groups were similar in terms of their average proportion logged as evidence of opportunities in the
different areas of creative production (45.2% and 44.5%, respectively), social learning (38.5% and
36.8%), and self-directed learning opportunities (16.3% and 18.8%).

Gender, Access, and Digital Hobbies. There were no gender differences between groups, with 42% of
femalesinthe highergroup and 48.1% of males. There were also no differences found between groups
in terms of home access to computers and technology, nor for frequency of time spent on online

hobbies, including social networking and gaming.

We define self-directed learning as seeking out information, being a lifelong learner, and making
decisions (Barron, Gomez, Pinkard, & Martin, 2014). As such, we compare the higher and lower self-
directed groups in terms of their Internet proficiency, given that it is becoming the primary means of
consuming and searching for information, and their sustained experience with technology activities,
suggestingtroubleshooting and persistence (see Table 3).

Internet Proficiency. In this sample, the group with more evidence of self-directed learning activities on
iRemix had significantly higher scores of Internet proficiency (M=50.94, SE=2.77) compared to those
with fewer (M=43.35, SE=2.30), F(1,42)=4.46, p=.041).

Sustained Fluency-Building Experiences. The breadth of fluency building experience looked similar for all
studentsin the cohort (M=6.62, SE=0.19) and there were no differences between the higherand lower
groups. However, students who exhibited more self-directed learning activities had significantly higher
depthscores (see Table 7), suggesting persistence in learning more and finding opportunities to do so,
despite complex multi-faceted work. We also grouped the activities into three genres — publication
(publication, website, podcast), expressive (art, music, video), and computational (game design,
robotics, programming) — to see which genres of production students repeatedly engaged in. This genre
classification system is only one way to group the activities, and most span multiple categories, but it
has been used in previous work as a way to look at patterns of participation (Barron & Martin, 2016).
Students in the higher self-directed learning group had higher scores in each mode of technological

production, suggesting both exploration and depth of involvement.
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Table 7: Sustained experience with creative production activities of students with lower or higher
evidence of self-directed learning.

Self-directed
learning group m SE F P
Breadth score Lower 6.63 0.25 00.01 NS
Higher 6.60 0.29
Depth score Lower 1.89 0.31 17.96 .000
Higher 3.86 0.35
Computational depth Lower 0.30 0.12 7.59 .008
Higher 0.81 0.14
Publication depth Lower 0.19 0.11 5.33 .026
Higher 0.57 0.13
Expressivedepth Lower 141 0.18 13.87 .000
Higher 248 0.21

In summary, those students who exhibited more self-directed learning activity on iRemix, including using
resources and materials, looking for unassigned activities, and monitoring progress, had higherInternet
proficiency proxy scores and were more likely to have sustained experience in each type of computing
activity we asked about, including expressive, computational, and publication. These students were
savvy navigators of the dense and complex web of information, perhaps finding information and
opportunities for learning more. Their depth of experience with multimedia fluency building activities
suggests persistence with particular genres of production beyond playing around (Ito et al., 2009).
Activities that can encourage development of computational fluencies have increasingly been called out
as especially rare but important for young people (Wing, 2006, 2011; Barron & Martin, 2016). This is an
especially interesting group to look at in the context of Mr. Kellog’s classes, as we know that actions
mapped to self-directed learning opportunitiesin ourframework were not guided by the instructor.

5.3.3 Social Learning Groups

The lower activity group accounted for 52.8% of learners (n=28) and had social learning opportunity
counts that ranged from 27 to 61, while the higher group (n=25) ranged in counts from 62 to 153. The
average proportion of activities within themes was significantly different between the two groups for
each of the three 21st century learning themes. On average, the highersocial learning group evidenced
a higherproportion of actions logged overall that were classified as social learning opportunities (t(51)=-
4.82, p<.001), and lower proportions of actions classified as opportunities for creative production
(t(51)=2.12, p=.039) and self-directed learning (t(51)=3.24, p=.002). On average, the highergroup logged
actions that classified as 43.1% creative production, 41.6% social learning, and 15.3% self-directed
learning, compared with the lower group 46.5%, 34.2%, and 19.3%, respectively. This highergroup may
reflect studentchoice tointeract with others both publically (e.g., commentingonwork) and privately
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(e.g., looking at the work of others), as opposed to those that only carried out actions in relation to
peersor the teacherthat were part of required assignments on the system.

Gender, Access, and Digital Hobbies. While there were no significant differences found between higher

and lower social learning groups in terms of home access to computers and technology, or in terms of
frequency of digital hobbies, there was a significant gender difference (@2=6.80, p=.009); the higher
group was comprised of 68.0% female and 32.0% male, while the lower group was 32.1% female and
67.9% male. Sixty-five percent of females were in the higher group compared with 29.6% of males.
Interestingly, there were no gender differencesin terms of student self-reports of use of online social
network sites.

We define social learning activities as being those related to communicatingand collaborating around
work and ideas, including teaching and learning from others and being open to new ideas and
perspectives (Barron, Gomez, Pinkard, & Martin, 2014). Below, we compare the higherandlowersocial
learning groups in terms of their reports of their technology learning network, their use of online
communities for learning, and their perceptions of getting new perspectives from being online (see
Table 3).

Face-to-Face Learning Networks. Both groups were teaching multipletypes of peoplein their network
about technology (higher group M=3.20, SE=0.48; lower group M=3.18, SE=0.44). However, there was a

main effect of group for the types of people from whom they learned (F(1,46)=5.33, p=.026). Counter
intuitively, those youthin the highersocial learning group reported asignificantly smaller network of
people fromwhomtheylearned (M=6.27, SE=0.53) compared to the lowergroup (M=7.92, SE=0.48).

Learning Online. Overathird of studentsin both groups reported learning alot from online communities
(40.7% of the lower group and 45.5% of the higher), and there was no difference between groups. On
average, students agreed that they got new perspectives on societal issues using the Internet (M=3.92,
SE=0.17), but students in the higher social learning activity group agreed more (M=4.36, SE=0.25) than
those inthe lowergroup (M=3.48, SE=0.24), (F(1,45)=6.49, p=.014).

In summary, the students who were higher on social learning reported learning from fewer people
about computers and technologyintheirface-to-face world. They weremore likelyto agree that they
had gotten new perspectives on societal issues because of their use of the Internet. The two groups
looked similar to each other in terms of who they taught and how they used online communities for
learning. Kellog’s class was engaging as a group in digital mediaskills, and itis nosurprise thatall of the
students report teaching their face-to-face network, including parents, grandparents, peers, and
siblings. Although surprising that the higher social learning group report learning from fewer types of
people, we wonder if those youth were not connected to expertise in their face -to-face learning
network orif they may be more technologically savvy and therefore not seeking out help from others in
the content area of computers and technology.
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5.3.4 Survey items across groups

As a way of adjusting for the possibility that higher and lower counts of activity overall account for
differences in the survey data, we compared higher and lower groups for other themes for all survey
items. Three items — technological confidence, Internet proficiency, and depth of experience with
technological fluency-building activities — revealed significant differences between higher and lower
groups outside of the targeted 21st century theme.

Like the creative production groups, the higher self-directed learning group had higher technological
confidence (M=4.69, SE=0.09) than the lower group (M=4.22, SE=0.14), F(1,46)=7.05, p=.011. They also
were more likely to see afuture in game design (38.1% compared to 3.7% of the lowergroup, E2=9.17,
p=.003) and video production (57.1% compared to 14.8% of the lower group, B2=9.52, p=.003). We
know that the learning goals and production work assigned to these students were focused on digital
media and technology activities, so it is not surprising that those students who logged more
opportunities for self-directed learning in the iRemix system considered themselves to be
technologically confidentand interested in digital and computational pursuits.

Like the self-directed learning groups, the higher social learning group had significantly higherscores of
Internet proficiency (M=50.90, SE=2.60) compared to those in the lower group (M=42.75, SE=2.37),
(F(1,42)=5.36, p=.026), suggesting that those students who engaged in more social interactions online
were developing more Internetsavvy skillsin general asthey navigated onlinespaces and networked
communities.

Perhaps mostinteresting, the highergroups of each 21st century learningtheme — creative production,
self-directed learning, and social learning — had a higher depth of experience with fluency building
activitiesthantheirlower group counterparts. While the self-directed learning groups differed across al |
genres of production, here we found that the higher creative production group had a higher depth of
experience than the lower (M=3.32, SE=0.36; M=2.13, SE=0.37; F(1,46)=5.34, p=.025) and for expressive
activities (M=2.36, SE=0.19; M=1.35, SE=0.20; F(1,46)=13.14, p=.001), and the higher social learning
group had higher depth of experience than the lower (M=3.64, SE=0.36; M=2.00, SE=0.33;
F(1,46)=11.20, p=.002) and for both expressive (M=2.36, SE=0.21; M=1.46, SE=0.20; F(1,46)=9.79,
p=.003) and publication activities (M=0.55, SE=0.12; M=0.19, SE=0.11; F(1,46)=13.14, p=.041). This
suggests a portrait of all of Kellog’s students who were active online as deeply engaged in sustained
media production, with those in the higher creative production group focusing on expressive media,
those in the higher social learning group focusing on expressive media and publication as they share
theirideas with others, and the self-directed group engaged in sustained participation acrossgenres of
production, including computational.

Importantly and obviously, there are serious limitations to this approach and interpretation of results.
Because this data is correlational we do not attempt to make causal claims nor do we claimthat actions
in the system are equated with an instance of learning, but instead report on relationships between
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experiences of opportunity logged in the system and self-report of experiences and perceptions. We do
not know if the students who are comingin with more evidence of 21st centurylearning are using the
site in different ways or vice versa, nor can we say that a click on the systemthatlogs an activityis equal
to a learning activity. Rather we look at these logged activities as opportunities for learning. This
research was emergent, and we used data collected overasix month design-research effort, including
surveys and interviews, to better understand the iRemix log data that was collected. Also while we
report statistical significance and use the accepted level of less than 5% (.05) to determine that
differences are not happening by chance, we recognize that for each of the findings there is the
potential foratype | error, meaninganull hypothesisistrue.

5.4 Focal Learner Cases: Amaya and Sterling

To better understand the results in the online log data and the triangulation of the log patterns with
survey data, we developed qualitative cases of individual learners. This allowed us to learn about the
backgroundsthey broughtto the experience of usingiRemixinthe classroom and more about theirown
intentions of use. Inthe sections below, we share narrative stories of two of Kellog’s students: Amaya,
who scored in the higher group for all three types of 21st century learning activity on iRemix, and
Sterling, who scored in the lower group for all three (see Figure 7). Amaya had a creative production
opportunities count of 111 (89th percentile), a self-directed learning opportunities count of 35 (79th
percentile), and a social learning opportunities count of 74 (69th percentile). Sterling had a creative
production opportunities count of 40 (6th percentile), aself-directed learning opportunities count of 22
(19th percentile), and asocial learning opportunities count of 61 (50th percentile).

Frequency
Fraguency

5 1 135 5

Creative production actions Self-directedlearning actions Social learning actions
Figure 7: Histograms of 21st century activity counts with focal case learnerslocated, a light circular
marker for Amaya and a dark circular marker for Sterling.

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND 3.0) 70



JOURNAL OF LEARNING/ANAEYTICSII o 08 SELAR

(2016). Revealing opportunities for 21% century learning: An approachto interpreting usertrace log data. Journal of Leaming Analytics, 3(2),
37-87. http:// dx.doi.org/10.18608/jla.2016.32.4

5.4.1 Amaya: embracing storytelling through digital media and making plans for learning more

I usuallyliketo think outside the box. So | liketo be unique with my [digital media] stuff, like not
the same as everyone else’s, likeat leastone thing that stands out.

Amayawas a 12-year-old girl who described herselfas Latina. She lived near the school with her parents
and her younger brother. She was involved in a number of regular extracurricular activities, including
cheerleading, karate, piano, and guitar lessons. Amaya was highly engaged in narrative stories of any
kind, and enjoyed watching movies and reading books in her free time. She had personal access to
technologyandthe Internetat home, includingawireless connectionand herown MacBook, and was
veryinterestedintechnology. On heriRemix profile, she declared her affinity with computers, “When it
comesto computers|go crazy! | could spenthourson them, butthen have no time to read!” Her entire
family regularly used computers for basic Internet searches and entertainment, and her mother, a
daycare teacher, used it for work to create simple lesson plans. On her own time, Amaya frequently
wentonline tosearch forinformation about herhobbies, use social networking sites, and less frequently
played adventure games. She specifically wanted to learn more about “how to make websites, and more
video editing.”

Her interests and pursuits outside of iRemix very much align with her counts of online learning
opportunities that place herinthe higher groupsinterms of all three dispositionsthe DYN program is
interested infostering — creative production, self-directed learning, and social learning.

Creative Production. Amaya logged one of the highest counts of potential creative production
opportunitiesiniRemixin hergrade. Offline, she similarly identified very much as a creative producer,

bothin and out of school. She was proud of the work she created and found ways to blendhergrowing
technological knowledge with her personal interests. She described usingtoolson herMac at home to
create and editvideosandimages, including using PixlIr, atool learnedin Kellog’s class, to edit a photo
her father had taken of her doing karate, to make it more dramatic and “really cool.” In school, her
interestin narrativesin different formatsimmediately tied into Kellog’s class focus on multiple modes of
expression.

Her favourite school project wasabook reportin Kellog’s class wherestudents were given the option to
create an imagined video movie trailer for the story. “I spenta lot of time withit,” she related, “and it
was more unique than the rest of them because it was in first person view and everyone else did it in
third personview. | showed it to my parents. They thoughtit was cool.” The book chosen by Amaya was
Cinder, a popular young adult novel retelling the Cinderella fairy-tale as dystopic science fiction (see
Figure 8). Amaya blended film footage, still photos, sound effects, layered musical soundtracks, and
captions with subtle transitions into atwo-and-a-half minute movie that conveysamoving portrait of
futuristic and social hardship from the perspective of the protagonist. Amaya played on traditional
movie trailers (using opening shots from Time Warner), the book’s genre bending (the traditional “Once

upona time” shotis followed by the sound of ascratching record and the words, “l wish | couldtell you
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that story, but it’'snot mine”), and uses elements of popular Sci-Fi and horror movies (escalating music, a
blank screen and pause inaudio, and a disturbing phone-call conveyed in words and images).

EwW EEH,J MG

Figure 8: Stills from Amaya’s book review trailer digital movie.

Amaya described her use of iRemix as a combination of posting assigned work and sharing her own
creations and other found media. During the six months of log data collection, Amaya posted 14 blog
posts, 13 videos, 8 images, and 2 audio files to the site, and had two notes in her notebook. Like her
video book report submission, many of her posts were related to contemporary youngadult fiction, as
when she shares her perspectives on books like The Faultin OurStars and The Hunger Games.

Amaya’srole as a creative producer of digital media was re cognized through herworkinKellog’s class.
Kellogreflected that Amayafelt more comfortable sharing hertalents and ideas through movies, “She’s
really quiet, butshe’s super creative with heriMovies and just really outgoing.” When asked which of
their peers was good with computers, Amaya was the seventh most nominated in her grade (13% of
students selected her). Positive comments on herwork were frequently posted by herpeersin iRemix,
such as thisone on herbook movie trailer: “Amaya, this is soooo0ooooooo000 cool | love the end!”

Self-Directed Learning. Aligning with her high count of self-directed learning opportunitiesinrelation to

herclassmates, Amayarevealed anumberof waysin which she regularly navigated herownlearning as
she connected to networked tools and information online. For example, although she was unsure about
the availability of video editing classes in high school, she planned to “continue to teach myself. | am
mostly usingthe Internet,” and talked specifically about followingindividuals who post tutorials about
video editing on sites like YouTube. She also engagedin online research to troubleshoot problems that
came up when she worked through digital media projects or otherhomework, and used Kahn Academy
on herowntime to play educational math games. This self-directionis evidenton heriRemix portfolio,
which documents final versions of all assigned work and completion on all assigned learning pathways
despite the fact that this level of closure was not necessarily required by Mr. Kellog forthe digital media
projects in his class. Amaya recognized the iRemix portfolio space as a way to keep track of work
(students often used different laptops from day to day) and to showcase it outside of class. She
reported, “iRemix is an easy way to know where you put a certain thing,” and talked about using the
system to show her media submissions to friends and family at home. Amaya logged onto iRemix
outside of class time and described posts from home to “finish something up.” She also plannedto use it
in the upcoming summer “to keep my brain fresh ... to get extra practice.” She wanted more learning

pathwaystied to her specificinterests, specificallycovering more advanced video editing.
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Social Learning. Although Amaya was both teaching and learning from others about computers and
technology at home and at school, the social dimension was secondary to her independent work, and
when she was social online it was often specifically tied to mediaand production. This aligns with her
count of social learning opportunities online, where Amaya positioned her closer to the middle in
relationto her peers, although she still remainedin the higher group.

Amaya shared her knowledge with her mother, including helping her to use Google drive to create
graphs, and at school 18% of her grade peersselected herassomeone who theylearnfrom. OniRemix,
she engaged in the community aspect of the system by creating and joining iRemix groups tied to her
interestsin moviesand popularnovels. She enjoyed sometimes commentingon herfriends’ work and
took pride when she received comments on herown work, “It makes me happy that they tookthe time
out of theirday to look at my work. Yeah because they’re like, ‘Thisis cool, no one else posted this, let’s
check this out’.” Her main social learning activity was to look at the work of others on iRemix, and she
talked aboutlearning from observation, “I like to see other people’s creations, like | mightget inspired
and | have a couple of times by other people.” Amaya’s comments to others on the system were
specifically about elements of their work, “I like how the music matched the tone of your poem! Even

thoughit wassad, | really liked it.”

5.4.2 Sterling: focusing on the performing arts and figuring out how to support it with production
I love performing ... A lot of people think I'd be good on Broadway and stuff.

Sterling was a twelve-year-old African American male actively involved with the performing arts, who
described himselfas an actor, singer, and dancer. He lived with his parents, two older brothers, and two
older sisters. He participated in an afterschool choir program at a city high school but attended
infrequently because it was difficult to find transportation consistently. Although he received good
grades in school, he described himself as a “slow reader.” He had his own computer at home, and the
family had another computer, a tablet, and an Internet connection that Sterling described as slow. He
regularly used the computerto play games, listento music, and engage in social mediasites, including
Twitterand Facebook, at the library after school or at home after he finished homework.

His interests and pursuits outside of iRemix somewhat align with counts of online learning opportunities
that place himinthe lower of each of the creative production, self-directed learning, and social learning
groups, but his qualitative case portrait helpsto pointoutimportant nuancestosupplement the story
told by the log data.

Creative Production. Despite the fact that he was considered tech savvy at home, he did not define

himselfas acreative producernorwas that how he was perceived at school. When describing his iRemix
profile page, he explained his focus on exercising creativity and expression through performance, “[In
‘About Me’] | wrote ‘Next on stage, he isvery talented! He is such an amazingsinger!’ Thisisstuff that |
wantto do when | grow, like be a singer or whatever. Thisis how | wanted to express myself.” Although
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he saw the potential foriRemix as an outlet for performance, specificactivitiestodosowere not clear
to himand they were not part of any of the existinglearning pathways on the system, “If youare doing
something like music-related then yeah. It depends on what subject and what you are doing in what
subject.”

The lack of obvious connections with his out-of-school interests resulted in iRemix being primarily a
place for teacher-initiated assignments for Sterling. During our study, he posted 3images, 2 sounds, 3
videos, 3blog-posts, and 3 notebook entries; all required assignments. None of his peersidentified him
as someone who was knowledgeable about computers noras someone theylearned from. In terms of
his own perception of himself as a creative producer and public recognition in this area at school,
Sterling’s low creative production countisinalignment. Athome, however, he dabbled in his own movie
making. He transferred what he learned in iMovie on the school MacBooks in Kellog’s class to his Dell
computer, “It has these apps where you can make your own movie, butit’s not called, like on Apple
computer, iMovie, it’s just called My Movie and Movie Creator, and it’s sorta like iMovie, butthey have
more effects and more stuff thatyou can put onthere.” He also had ideas for how to support his passion
for the performingarts through digital production, such as making musicvideos of his performances or
creating songs on digital audio editing programs, but felt he did notyet have these skills to do this and
did not see these activitiesas tied to his workin Mr. Kellog’s class oroniRemix.

Self-Directed Learning. Aligning with his lower self-directed learning opportunity scores on iRemix,
Sterling did not pursue these digital production learning goals on his own and was sometimes frustrated
when working independently. Sterling used the Internet to seek out potential future learning

opportunities related to hisinterests, such as searching for potential performingarts high schools and
colleges, butwas notable to articulate a planfor his more immediate and direct desire to learn to create
websites and produce quality audio and video pieces. He also described feeling stressed when he faced
technical issues while working with technology, “Sometimes it gets difficult. ... Sometimes the
computers have its own mind. It takes hard work. | also get stressed alot because if whatyousearched
forisnot on there, then you get frustrated and stuff.” On iRemix, Sterling discussed sometimes going on
outside of class time, but it was not tied to specific learning goals, “Once | was bored and it was a
weekend and | didn’t have nothing else to do so | went on to find extra credit work.” Sterling did not
complete any of the learning pathways thatinvolved more than one activity step, suggesting that he had
trouble persisting through multi-step projects: he completed one of the four Welcome to iRemix
challenges, and two of the four RACE challenges.

Social Learning. While inthe lower group, Sterling’s count of opportunities forsocial learningoniRemix
was close to Amaya’s and close to the middle in comparison to his classmates. Sterlingwas averysocial
person who enjoyed the company of others and sought an audience. The social nature of iRemix was
what most easily fit with Sterling’s interests and intentions online. At home, when his family needed
help with the computer, they would ask Sterling or his 15-year-old sister, and he taught his brothers how
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to crop images and make presentations in PowerPoint. He became engaged in social media after hearing
otherstudentstalk abouttheirfollowers, “l decided todoit,’cause it was making me so competitive ...
alsonot justfor that, | just wanted really just wanted to socialize with my friends and family that was far
away fromme.”

The best part of iRemix for Sterling was the opportunity to share his work and profile to connect with
others. He frequently used iRemix to show his family the work he was doingin class. He once showed his
mothera blog he wrote about a family vacation and was happy that she liked itand that “it brought her
memories when she wasreadingit.” He especially enjoyed receiving positive feedback on his posts, but
not necessarily those that might lead to revisions, “[I] hope for good comments, less stuff [I] need to
improve on.” Hiscomments on other people’s work were always encouraging, “l love your eat healthy
song sis, KEEP IT UP!” Sterling, in fact, wished that iRemix social functionality was more person-to-
person orientedinstead of focusing on communication around submitted artefacts, “In other websites
you can leave messages and have conversations but you can’t have it there. You can leave comments
and stuff, butif thereisa commentbox with just that person thenitwould much easier.” He used the
groups feature to connect with others more around his general interests than artefacts, including
joining, becomingacoordinator of, and postingto a group called “Beyoncé Fans” with 13 members, and
creatinga group based on love of the colour purple, where he was the sole member. While Sterling was
not interacting around work and formal ideas as much as Amaya, these community and social
opportunities logged around his personal interests identify the way he was able to engage with the
learning community.

5.4.3 Case learning comparison

The 21st century log data framework positions Sterling and Amaya in terms of dimensions of creative
production, self-directed learning, and social learning on iRemix. The way each student’s log traces
classified them make general sense: Amaya was a creative producer of digital media who both identified
with and was recognized for this role, and regularly engaged in independent learning practices, and
social interactions related to media production. Sterling was uncertain how to link digital production to
his personal interests and found it difficult to navigate his own learning, although he coordinated a
social sphere of learning partners for community interactions. While this was encouraging, the
gualitative case portraits allowed us to see nuances both in what was happening and for what was
possible. Both Sterlingand Amaya considered themselves to be very creative, and this was an important
part of their personal identity. Amayawas acreative producer of digital mediasuch asvideoand artis tic
projects, easily tying her personalinterestsin narratives to her production efforts, and thiswasevident
on iRemix. Sterling’s sense of his creativity was focused on performance and as of yet, he had not
translated those pursuitsinto digital production. As such, Sterling did not have astrong reputation for
creative productioninthe classroom nordid he log high counts of opportunities on iRemix, although his
case reveals ample opportunity for encouraging a learner like him to do so. In terms of se If-directed
learning, Amaya had clear learning goals and plans for achieving them, including a solid command of
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utilizing networked resources on the Internet and a history of completingthe work she beganiniRemix
learning pathways, while Sterling did not see opportunities for learning on his own and sometimes
became frustrated tryingto do so. These representations correlate to the iRemix logs, where Amaya was
very high compared to herclassmates and Sterling was on the lowerend. The social learninggrou p was
where these students look similar. Although Amaya was in the higher group and Sterling in the lower
group, their actual counts were very close; both enjoyed the social learning dimension of the site.
Amayawas more likely to discuss social learning activity as ameans forlearning more, whereas Sterling
highly enjoyed the social aspect of this type of learning activity, which we know is still important for
learning as he builds community online, with the potential for future recognitionoralignment around
interests or expertise. Although Amaya was recognized by classmates as having expertise in digital
production through sharing herwork and teaching others, aligning with her high countson the public-
facing iRemix site, both used iRemix to showcase work at home with their parents, and both taught
family members and were called upon forhelp with computers and technology at home.

6 DISCUSSION

In this paper, we present a multi-level approach to understand how log data might reveal patterns of
activity thatrepresent opportunities forcreative production, self-directed learning, and social learning.
This study was motivated by the increasing presence of K—12 online learning environments and concern
about equitable access and generative participation for all youth. We posit that the data that can be
collected from such systems offer enormous potential to understand how and when youth take up
opportunities for 21st century learning practices and how best to support it. While our work is
exploratory, in the following section, we highlight some of the interesting findings, implications, and
opportunities for furtherstudy that have emerged in the course of this study.

6.1 Interpretation of Logged Actions: Actor and Recipient

To interpret the user traces, we looked at logged activities in terms of the actor and the recipient of
each activity, attendingtoroles of self, peer, and educator, aligning with approachesdefined in social
learning analytics (Buckingham Shum & Ferguson, 2012). We then organized a conceptual framework of
logged actions building on prior DYN design-based research and theoretical constructs from recent work
in the fields of learning sciences and human—computer interaction. Although this work is still in early
stages, we found patterns of user trace data logs that triangulated with self-report measures of 21st
century learning dispositions that DYN was designed to foster. Specifically, students with more creative
production activity oniRemix were more likely to identify themselves as pursuing possible futures as
engineers, computer-enabled designers, and video producers, suggesting personal identification as a
technological creator. Those with more independent learning activity on iRemixhad higher measures of
sustained creative project experience across different genres of media, including computational
activities such as programming and robotics, suggesting possible connections to persistence, use of

personal and material resources, and troubleshooting. Those students who evidenced more social
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learning activity on iRemix were more likely to agree that they got new perspectives on social issues
through their use of the Internet, and reported learning from fewer people in the face -to-face contexts.

There were no differences of logged activities inthe three 21st century learningthemes we looked at in
terms of student home access, which we use as a proxy for socio-economic status, indicating similar
usage of iRemix by students from households with varying learning supports. Genderdid notplaya role
in creative production orself-directed learning opportunities on iRemix, although girls engagedin more
social learning opportunities logged on the system. Although the boy and girls in this study reported
similar frequency of use on other social network sites, they were all under 13 years old, meaning that
they were not technically allowed on public social media platforms as per COPPA standards — these
girls perhaps had not yet begun to differentiate in more publicsocial networks. Nationalstudiesofteen
use of technology platforms have found that girls dominate some social media platforms, especially
those revolving around visual artefacts (Lenhart, 2015). Looking for ways to ensure that boys remain
engagedinsocial learning activities around mediaartefactsiniRemix as they develop as youngadults is
an important outcome of these findings.

We believe that waystolook deeply at activities online that go beyond more traditional metrics of time
on taskand completionrates are critical to understanding systems for different populations, and believe
that the method of coupling action with the relationship between actor and recipient is an important
contribution. Our nextstepisto carry out a systematicresearch intervention to validate our exploratory
conceptual coding frameworks using external measures of 21st century learning, such as existingverbal
and performance-based measures of creativity (e.g., Silvia et al., 2008) and persistence (e.g., Shute &
Ventura, 2013).

6.2 Interpretations of Logged Actions: Deep Knowledge of the Environment

Each context of use determines success differently based on intentions, and the system should allow for
multiple representations and visualizations of data to reflect different potential uses of the system,
attending not only to more traditional metrics of time on task and completion rates, but also to
practices that may be evidence of opportunities to develop important skills and dispositions that go
across specific content areas and grade levels. Learning deeply about our focal learning environment,
including the community and the teacher and his students, allowed us to further interpret the results
that emergedinourcoding of the logged usertrace data. In other words, quantitative data beginsto tell
the story, but to design better environments and practices within those environments, especially in
ways that can ensure that all youth have access to generative learning opportunities in online
environments, we need other strategies to piece togetheramore complete picture of whatis goingon.

Although iRemix was designed with intentional support for student-driven activity, it purposefully
includeslearning management features foradultsinthe system, to guide use. InKellog’s classroom, his
intentionality as a teacher and the climate of the learning environmentinfluenced student use of the
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site. The majority of logged activity was related to creative production, aligning with Kellog’s strong
focus on fluency and personal expression with digital media production. This was connected to his
introduction to the system through DYN and the digital literacy initiative in his classroom during his first
year of teaching. It was also connected to ideas about his student population, including wanting to
increase theirability to express themselves in multiple modalities given their reluctance for sharingin
person. For Kellog, successful use of the system was evidence of generative student creative production
on the site, including assigned and voluntary posts and social interactions around those posts.
Importantly, two key factors that made it possible for him to use this platform in a way he deemed
successful were long-term regular use of the system with his students — allowing forthe establishment
of community norms and a growing body of submitted work and activity — and the support of his
administration toimplement an experimental system used for more free expression in a core subject
classroom.

We are very interested in the way Kellog used informal exploration of digital media to intentionally
encourage youthvoice in his classroom, which hasinteresting implications forusingan online platform
to promote online contributions from under-represented populations. Studies have revealed that
contributors of online content in general are asmall subset of the population usingtechnical systems,
and that this subsetis not representative of the larger population (e.g., Glott, Schmidt, & Ghosh, 2010).
As more people select online sources, including social networking sites, for social and political
information, there are implications related to the critical need forequitable and balanced perspectives
on the Internet.

The importance of exposure to and experiences in participatory cultures and community for building
skills, developing interests, and becoming creators and contributors is well documented (Hargittai &
Walejko, 2008; Ito et al., 2009; Jenkins et al., 2009). Log data showed many opportunities for creative
production and social learning, but not as much for self-direction. Research in higher education has
foundthat while some students are able to utilize social learning networks like iRemix to drive theirown
learning needs, importantly, not all students possess the knowledge management or self-regulatory
skillstodo so, and authors point outthe need for scaffolded instructor use of system features (Dabbagh
& Kitsantas, 2012). Consistent with this, our study documented wide variability acrossindividual youth
learners on the system. Previous research has identified characteristics of lifelong learners as
responsible for their learning process, able to span formal and informal, and heterogeneous in their
approach to learning goals thatthey look forand achieve (Koper & Tattersall, 2004).

We saw that while Amayawas a learnerwho regulated her activities, Sterling needed outsideguidance
and was more likely to stay withinthe boundaries of what was asked of him by the teacher. These case
portraits enabled us to see nuances within general alignments and, as such, opportunities for better
design, practices, and teacher professional development to connect youth to more engagement in
potential learning opportunities online. For Amaya, the content of the class using multiple media to
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explore traditional literacies mapped onto her existing interests, and this led her to pursue more
resources, look at the work of peers, and find opportunities tolearn more. For Sterling, the connection
between the course content and his personal interests and identity was not as obvious, but he was
slowly finding ways to explore his own interests in iRemix through his profile page and by organizing
special-interest communities, like his Beyoncé group. Opportunities to engage Sterling in media
production around his performance artistry and creativity perhaps could become more possible for the
teacherand peerstorecognize as Sterlingbecame more visibleas a creative personwithin the iRemix
site. Both case learners were interested in learning more digital production tools, including web and
video development; opportunities forembedding or linking resources and visible pathways to support
youth to go furtherintheirlearning outside of the boundaries of the classroomis something we are very
interested inimplementing.

6.3 Translating Generative Learning Intentions

Educators and administrators need shared language to better articulate how their learning goals map
onto potential outcomes and practices within onlinesocial learning networks sotheycan fully use the
system and support their learners in ways that they care about, and so that they can influence
purchasing decisions at the school and districtlevels. In our study, Kellog embraced the use of iRemix for
creative production, a practice he established during his first year of teaching. While iRemix included
features for other types of learning opportunities that aligned with his ELA curriculum, such as
discussion forums and debates, Kellog “stuck with what he knew.” Although he spoke of consciously
tryingto support his studentsto take control of theirown learning, system log datathatwe associated
with self-directed learning opportunities oniRemixindicates that these features were almost never used
in his classroom, such as monitoring progress, using embedded resources, and seeking help for
assignments. Foreducators, there isademand for professional developmentthatnotonly helps them
use technology, but also helps keep them “technologically agile” in a world of rapid technological
change (Borgman et al., 2008; ACCI NSF, 2011). Recent reports on the use of online learning systems
suggest that schools often do not realize the training, time, and effort necessary to establish new
systems in the classroom (Watson, Murin, Vashaw, Gemin, & Rapp, 2011). While ongoing useful
professional developmentis critical, it cannot keep up with the rate at which new learningtechnologies
and platforms are being introduced at district, school, and individual classroom levels. We posit that
clearly articulating how features and corresponding student and e ducator use of those features map
onto opportunities for learning may be one way to help teachers navigate environments for their
classroomin more intentional ways. Organizing ourfeatures and interpretations of logged activity traces
into themes aligned with DYN goals and national efforts to define 21st century learning allowed us to
talk to educators about both the site features and capabilities, and potential opportunities for youth
related to those aspects of the system. We believe that continuing to develop and use language for
lookingatevidence of 21st century learning online is critical for translating what we see. Teachers need
to know how to translate intentions that may be more abstract, such as Mr. Kellog wanting to nurture
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self-directed learners, into practical learning designs and online tasks, selectingappropriate tools and
features. We see this as an important step in supporting practitioners to use platforms for more than
justtraditional distribution of assignments and quizzes and collection of homework, and moving forward
to help design betteronline learning environments across different content, ages, and communities. The
ability tologactivities that go beyond time-on-task and submissions make these more abstracttypes of
learningactions and opportunities more assessable forteachersin both formative and summative ways.

6.4 Using a Bottom-Up Approach

This paper presents an exploration of a socio-technical system, specifically looking for interesting
patternsin quantitative logged usertraces and trying to understand the patterns more deeply through
self-report data and qualitative cases. Although it is not the focus of this paper, this work is part of a
larger three-year design-based research project (Collins, 1992; Brown, 1992; Hoadley, 2002) to
understand learning environments in real-world contexts using a process of design, implementation, and
iterative refinement.

The DYN organizationis comprised of educators, learning scientists, and computerscientists. To make
sense of the data generated from logged activity over three years — including engaging in powerful
learning analytics and educational data mining to look at clusters of activities, change over time, and
profiles of users — we realized we first needed a crystal clearunderstanding of the iRemix system that
had emerged over the course of ten years, to the detail of each minute of activity that was logged. To
engage in cycles of design, implementation, and iterative refinement, and utilize these new processes of
data analyticstoreflectlearning, we needed amodel that 1) our entire teamfeltwasauthentic to the
DYN program and designintentions, 2) reflected the way the system was usedin different contexts, and
3) practitioners could also understand. The methodology and framework of 21st century learning
opportunities takes into account the systemfeatures, the datait collects, the actorsin the system, and
the objects they interact around. As such, we developed these higher order constructs related to
opportunities on the site for creative production, self-directed learning, and social learning, groundedin
lowerlevel activity logs. This allows us to attend to practices of use (e.g., Which features are beingused
and which are not? What opportunities forlearningare not beingtaken up by educators or youth on the
system? How can we better support youth?), and to make sure we understand individual actions that
are logged onthe system, and that we are collectingthe right actions with enough meta-data to make
interesting claims about learning. Without this deep understanding, alignment, and agreement, the data
generated from more top-down approaches did not make sense to the team of practitioners and
learning designers, and did not, therefore, resultin direct opportunities foraction,including platform
redesign and revisions to professional development to promote teacher practices.

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND 3.0) 80



JOURNAL OF LEARNING/ANAEYTICSII o 08 SELAR

(2016). Revealing opportunities for 21% century learning: An approachto interpreting usertrace log data. Journal of Leaming Analytics, 3(2),
37-87. http:// dx.doi.org/10.18608/jla.2016.32.4

7 CONCLUSION AND FUTURE WORK

The more we can define, cluster, and compare different types of environments, the easier it will be to
conduct meaningful research, interpret results, and build on the research efforts of others. The potential
for mining onlinedataand applyinglearning analyticsis exciting, but we need to be clearabout different
types of online environments, their various features, their learning goals, and potential outcomes to be
able to design robust research efforts and analyze and begin to compare results. We present our
methodology of automated coding of 21st century learning opportunities as part of a largerinitiative to
understand and discuss the rapidly growing number of online learning environments, and we believe it
to be both beneficial and necessary for designers, practitioners, and researchers in and of such
environments.

Our coding methodology is intended to illuminate the kinds of moves youth made online including
youth-to-system interaction and youth-to-personinteraction using automated coding of usertrace data
logs, with specific attention to relationship types of log action, actor, and recipient. Building from the
foundational learning ideas that support DYN design and programming, we developed a coding
framework to look at opportunities for 21st century learning opportunities on iRemix within themes of
creative production, self-directed learning, and social learning. We intend to use thisframework tolook
for changesinactivity across time, and to develop visualizations to use with practitioners in ways that
allow them to compare their learning goals with online activity, and see opportunities for changesin
classroom practice and use of tools to promote different types of outcomes. We are also using this
methodology to look at the system use in different environments with unique learning goals and
populations, to find out more about how different practices determine studentactivity over time and
what success looks like across contexts. In this paper, we have documented how we explore the
authenticity of ourlogged data through student self-report survey dataand qualitative case studies of
individuals in the learning environment. We plan next to engage in empirical work to see if logged
opportunities for 21st century learning correlate with validated external measures of 21st century skills.

AlthoughiRemixdoes notadhere to currentlearningtechnologies’ language standards, the user trace
coding methodology sharedin this paper may be of interest to the learning analytics community and has
the potential to be adapted for use with data from other platforms. For educators and professional
development leaders, this work may also advance ways to articulate and share learning goals,
opportunities, and patterns of use of online environments related to 21st century learning, aiding
discussion and understanding of the complexities of educator roles and student behaviours online.
Above all, our work is an exploration of and ongoing design effort to create online learning
environments as spaces that can provide youth with digital learning resources and a knowledgeable
social network to supportlearningand development.
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